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An Intensive study has been made of data Pran three 

213 G.M. tubes and one 302 G.M. tube which were carried an the 

State Wversity of I--Of'fice of 2&rval Research satellite 

Injun 111. Median latitude profiles of the electron population 

of the low altitude region of the outer zme for energies 

Ee > 40 keV, Ee 3 230 keV, and Ee > .y 1.6 MeV have been 

der ived .  Notable of the features of the median profiles am: 
.y .y 

The large diurnal variation for L > 7.5 for trspped 

snd precipitated 40 kev electrans. 

%he lack of a sbarply pronounced 'slot' for 40 keV 

- 1. 

2. 

electropls and the consequent sof'tenbg of the i n t e e  

elect- spe!ctmm eruund L = 3.0. 

3 -  A n  appaxent mmll d i d  osriation of 230 keV trapped 

electrcms for 6 < L C 8. 

A temp- change of v 1 order of megnitude in  the 
- r* 

4. 

intensity profile of 1.6 M ~ V  electrons preceded aad 

follacred by periods of relatively stable intensity 

for2 < L < 4.5 .  !Ibis change occurred durlng a 

= 7 magnetic storm which began on June 6, 1963. 

The dependence of intensity an 1 B I was investQabd 

- .v 

with the following results: 
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For specified Lvalues in the m e  2 6 L < 7.5 
h 

1. 

there is  an apparent decrease in intensity of 40 keV and 

230 keV electrons of about 2 to 3 orders of mElgnftude far 1 B 1 
going AsQn - .2 to - .5 gauss. 

2. 

- 2  orders of magnitude wlth - 0.5 gauss and far 2 C L < 4.5 the decrease in  intensity 

due t o  the magnetic storm on June 6 I s  clearly evident. 

!Be intensity of 1.6 MeV electrons also decreases 

going f’roan - 0.2 to / B /  

- .y 
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!the purpose of this study is to  exsmine the morphology 

of the elecfmpl distribution in the outer zone frap 237 to 

2785 km by means af representative profiles of intensity 

versus L far various l oca l  times asd by meana of long term 

medisn intensities. The existence of' an outer zane diurnal 

variation in  electrons d energy > 4-0 kev for L > 8.0 

has been demonstrated previuusly in a gmss manner E'Brien, 

1963; McDisrmid and Burrows, 19&, b; Frank et al., 19g; 

hence local time w i l l  be taken Into account in this study. 

The pres-% investigation w i l l  canplement the prior wark cited 

above by ob- the morphology of the d i d  varfatian 

base5 on a co.Uectlon of latitude profiles for both 40  keV. sad 

230 keV electram and by extend- the gross study of the outer 

zone latitude and alt i tude dependence 09 electrca f'luxes. 

m 
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The cwdinate system t o  be used i s  an Glocal time system 

with Mcflwain's E m  - L parameter and geographic local time, 

The Gcoordlnate system is recognized to lose its simple 

geanetrlcal interpretatla in the outer zcae ( L  2 3.0); 

havever L w i l l  be used in this study as an organizing parameter. 

Questlopls as to the physical slrmificance of the Gcoordinate 

system in  the outer zone will be averUoked in  t h i s  study, in 

view of the fact that 8t lsw Utitudes L has praved t o  be the 

best parmeter to date for WgSnizing trapped particle 

r*r 

bte l lS i t i@S.  L a6 Used this Study i s  at least 8s val id €is 

q ofhe+ non-local tims deperpdent pawmeter whlch l e  fixed t o  

the earth becase the dsta used were taken in a restricted 

range ob laogitude ( N 100') st dif'f'erent local tlmes 

L /2, et d., l g q .  
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!The overall design and details of the Iaun In: a p r l m e n t  

are discussed elsewhere @Brien et  al., l q  and will not be 

given here. 

detectors will be discussed. 

Only the design and characteristics of the pertinent 

The primary detectors t o  be used are the Anton type 213 

Gelger-Wller detectars designed arad caastructed by L. A. prank 

and J. D. Craven of this labaretory. Two of the tubes used were 

thln-winduwed ( - 1.2 mg/m mica) and sensitive to electrons of 

energy grester than - 40 kev and pratom of energy greater than 

2 

C n n  L-W =*---A*------ r9 A.L- nqc I  L..L-, tm-+--+- r \  
.w JW A G V  U U i Z b V I 8 d - o  VLLS U& uamz LIJ U Y U ~ . ~  \ w - w w -  .I-" 

oriented perpendicular t o  the B-vectoa. (Injun 111 wee 

magnetically ariented) with a canica collimator of helf-angle 

l3", the other (Detector 5 ) ,  at 180' t o  the forward directed 

B-vectar with a c a l t a r  half-angle of 43" (with declining 

efficiency 8s the angle fran axis3 incidence increases). The 

direct imal  geanetrlc factws far the 90" detector and the 

180" detector are .65 x lo'* cm sr and 5.5 x loo2 cm sr, 

respectively, for radiation which is isotropically distributed 

and filling the entire coUimator. 

designation that detector 5 respolads t o  pitch angles a < 43" 

and 01 = 0 + 43" are both used althaugh negative pitch angles 

2 2 

In th i s  study the 

- 
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are not s t r ic t ly  defined. The collimator of detector 5 is 

symne-klcal about the B vector and the designation 

a = Oo - + 43" designates this fact  explicitly. 

correct designaticm far detectar 5 is however a C 43". 

A 213 G.M. tube (Detector 3) was also placed at 90" t o  the 

&vector with a collimator h a l f  angle of 13" giving a geametric 

factor of .C 2 x 'loo3 for electrons snd shielded by a foil 

sufficient t o  raise t5e energy threshold t o  - 230 keV far 

electrons &aB - 4 MeV for protons. A 302 C,M. tube 

(Iktector 6) which has only amnfdirectional properties was 

e lso used with a gemetric *tor of appaximately 0.75 cm 

for direct counting and energy thresholds for direct cant ing 

of about 1.6 MeV for electrons and about 20 MeV for protons. 

There is an uncertsinty in the effective energy threshads 

and gemetric factors for the G.M. tubes because both 

quantities depend str-ly au the electran energy spectrum. 

Throughout this paper the naninal values of energy thresholds 

and geometric factors listed above w i l l  be used. 

geanetric factors are Selieved t o  be accurate t o  within a 

factor of 2. The effective energy thresholds for these 

detectors have been determined for various spectrums by 

J. D. Craven (Master's Thesis, 1964) us- a numerical 

The s t r i c t ly  

2 

The 
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integration and are shown in Table I (after Craven, 1964). 

R (E, 7 )  is the product of the spectral form 

J = 3, EOy (J = J, E-') (assumed) and the getmetric factor 

and efficiency as a Puectica of energy (both measured) and 

X (E, 7 )  is the fraction of counts due to electrons above 

the energy E, for a spectrum characterized by 7 .  
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IN. OF 

me technique of studying the morpholagy of the outer 

zone in general and diurnal variatians in particular is s i m p l y  

t o  examine the profile of the counting rate of a given detector 

versus L as the satellite traverses the outer zone a t  diffkrent 

local times. 

mcmths and telemetry has been taken for sane 1500 revalutians, 

i.e., passes through the outer zone a t  high letitudes, it is not 

practical t o  present such a quantity of' latitude profiles as 

results. It i s  therefore necessary t o  select only certain 

Since Injun III operated successf'ully for ten 

~~~~~ z*: yr~ec+&&~GG es zepre6eG*-*;.-+z &-*---le ;, p.-.G- +A2 

consideration of all passes t o  a s ta t i s t ica l  study which will 

supplement the results of Frank e t  a3. /rs&7. The selection 

of passes t o  be characterized as typical was Besigned t o  

represent the cuter zme in an unbiased way. 

passes discarrded because of the properties of the covntiag 

rates. D e  f i r s t  selection was made accordixg t o  magnetic 

activity and data taken m the ten quietest days and five 

most disturbed days per month L@ncofn, 1963a, b, c, 

w e r e  used. Data frm the months of April, May, June, and July, 

1963, were used because the orbit during this period provided a 

good sanrgling of all local times. Only Northern Hemisphere data 

In no case were 
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w e r e  used because the precipitated electran detector looks the 

wrong direct ian along the f i e l d  line in the  Southern Hemisphere. 

The available passes i n  A p r i l ,  May, June, and July on quiet and 

disturbed days w e r e  tabulated and appraximately half Orp these 

were rejected because the data were not acquired far the 

entire pass f’rm L = 4 t o  L = 8 w i t h  breaks of no more than 

1.0 in I,, The remainiDg passes were then c9bssified accarding 

to local t h e  asd frapn each of four classifications according 

to local time 10 quiet day passes and 5 disturbed day passes 

were randcnily selected. A tabulatlan of the passes selected is 

given in  Table 11, 

. 
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The Injun 111 data output was routinely summed into 

8-secaad count accumulations and merged with the  orbi t  parameters 

B, Ly and local time. A smoothing criterion WBS then applied t o  

elbinate noisy data. A check of the output of thz application 

arP smoothing criterion by ccmpadson w i t h  the input yielded the 

result that r~ 20s t o  30s of the data points were randconly 

el-ted and all but - 5$ of the spurious points were eliminated . 
The remaining questionable d a t a  points do not affect the medians 

significantly. The data were then sorted into several categories 

specified by selected ranges of the parameters L, By and local 

time. L ranges of 0.50 and B ranges of 0.20 gauss weme generally 

used. 

at a given E W ~ W  (altitude) cmly once at a given local time. 

On each revolution the satellite crossed a given L shell 

OccasionaUy mare than one d a t a  point was obtained per crossing 

of a given B-L range, but these cases were easily i d e n t i f i e d  and 

only one data point was used; hence each distinct traversal of 

a given rasge f i  B and L has equal weight. 



Because of the eccentricity of the Injun I11 orbit the 

value cs scalar B at the satellite for a given t s h e ~ '  varied by 

about a factor of 2.5 for most L values, e.g., from B = O i l 9  to 

.53 gauss for I, = 4 .5 . The varlatlaa of B at the sa te l l i t e  

caused the detectors which respcad t o  a fixed range of pitch 

angles t o  Sample various intervals of the equatorial pitch 

angle distributltm as the line af apsides precessed in the 

orbital plane. If the equatorial pitch angle distribution is, 

on the average, not Isotropic in the range of pitch eagles 

which would be counted by lnjun 111 d e t e c t o r s ,  then the ccn@Ans 

rates would be, cm the average, different for different values 

af B at the satel l i te ,  

Plots were made of the count* rates af eech detect- 

as a functicrr of B at the satellite for specific Gshells, 

examples af which are shown in Figures 4 t o  6, 13 to 15, 21 to 23, 

a& 26 t o  30 W c h  M.ll be discussed in more detai l  in succeeding 

sections. The Lintervals used were: 2.0+0.1, 2.2-to.l, 

2.3i0.1, - 2.6to.1, - 2.8i0.1, - 3.O+l, -.. 3.54.25, - 4.0+0.25, - 4.5s.25, 

5.04.25, - 5.5-rO.25, - 6.0.10.25, - 6.5425, - 7.O-to-25, - and 

7.54.25. These plots proved t o  be successfW. i n  organizing 

the data t o  a degree which generally decreased as L increased, 

- - 

- 



M e d i a n s  were taken at 0.20 gauss intervals and then fit 

graphically w i t h  a curve or line, No attempt was made to 

BcccILlllt far real t e q K X m l  Veriatlons except for the classWlca- 

tia of detector 6 counting rates in to  two epochs in real 

t h o  Rerrl tqaral  VariatIaOlS p~sumsbly a S i g a i f i C a a t  

cause of the scatter which is seen in the intensity versus 

B plots, e.g., pigurea 4 t o  6, 13 to  15, 21 to 23, and 

26 to 30. A t  L -2.0 the typical range of intensity at a 

given &.value I s  a Fectuir of 2 or 3 and at L - 7.0 about 

2 d e r B  of IUagnitUdC. 

Tbe B-dependence Fanges f r a u  reasonably clear at 

L 2 2.0, l o e m #  there is much less scatter of Intensities 

(fartar c ~ f  2 ar 3) at a given B a u e  

w a n  (3 to 4 d e s  ut magnitude) of htensity with 3, to 

very uncertain at L - 6.0 t o  7.5 where the typical range of 

intensity fm a given Land specific B value I s  2 orders  of 

magnitude as canpared to an apparent variation of the medians 

with B of abaut two orders of magnitude or less. Heme, insofar 

as the scatter of #e data reflects the cert8inty with which a 

B dependence can be established, that B dependence shown for the 

the total appewent 

h i g b r  tvallues (L - 6.0 fo 7.5) AS generally m e  than tat 

far luwer &values. The reliability of such plats of I-- vs €3 for 



7 14 

specific L values can be checked by exaahhg in d e t a i l  cases 

for which two crossings of an L shell separated by a brief 

interval in redl t h e  ase mallable during which intensities 

in the auter zone are shown t o  be time stationary. 

be dane in a later section. 

This w i l l  



, 15 

The re-gresentative latitude Progiles of trapped 40 kev 

are made. In the Gncnge fran about 8 to 16 8 2 to  3 order of 

m o r n i n g  hours asd last- through mid-day which egrees 

in Intensity at about L .Y 8.0 which is usu&11y taken to indicate 

the sensible limit of durable trapping aS 40 k e V  electram. 

!&e relatimsh2p between the Umit af durable trapping cf 

40 keV electrons at high latitudes a& the magnetospheric 

boundary E&, Freeman, 1967 - observed in the equatcgiaZ 

plane I s  not clear. In no case *an abaut 0g:OO t o  &cut 

15:OO local time was a shaq decrease in intensity of 4-0 IseV 

electraw observed--in contrast to local night when a sharp 

are transitional, and the genera3 form of the profiles i s  m a r e  
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variable, lying between night-llke and day-l ike forms. I?o 

diurnal efTect fap. 4dl I, 4 8 I s  h d e n t  in the represeatstlve 

Kafile6. In rnanmary of the observations ab latitude prof'lles, 

the large enhaacemint of trapped electrcnzs 8 L 16 during 

local dsy is the most danlnant ef'fet in both quiet snd dis-  

turbed times. 

- -  
- -  

The median latitude profiles of trapped lo kev electxms 

are sham in pigure 3 where 1- tkne intervals c t  6 haws 

were used correspadhg to bwn, midday, evening, and midnight. 

For L 4 7.5 an emgirlcal B-carrecticxA of the mediaa for - 
different local times has also been made so the corrected 

prof'iles caa be taken t o  represent cuts tbraugh the, ater zam 

at constant B. The diurhal variation of the high-Utitude 

bauadary I s  cl;eesly evldent io the curzected medians.+ If 1s 

the outer t~lateauw flux is  taken at3 the bcnandary, the 

barndsry occws at A = To, E", @", and 69.5' fw dawn, 

midday, evening, ead midaight, respectively. !lbe procedure for 

C o J c l e c t i O n  ~ C V  Maperdsrw IS in A W i X  I o  FOr 

A - 4 65" no appreciable di\nmsl variaticm of trapped b kev 

electrons i s  observed. The only lxuiicatlan of the presence of 

a tlslutl* in 40 k e ~  electmu ie the SBSJ.I (mar of 2 t o  5 )  

decrease which OCCUCB at abart JL = 57" or 58' for all local 

time as contm~ted t o  the 2 order aP magnitude "slot" far the 



230 kev and 1.6 ~ e v  electrons at  A - 55" for all local 

times (cf. Figure 20). 

- 

The typical B-dependence of trapped 40 keV electrons is 

illustrated in F'ipres 4, 5, and 6 which are characteristic 

of the ent i re  graup of such plots which were used t o  correct 

the median l a t i t u l e  profiles. A t  L = 2.2 and 2.6 in Figure 4 

there is clearly a decrease by factors of 300 end 30, 

respectively, in intensity as B goes frm .18 t o  .42, an increase 

of about a factor of 2.4. The equatorial pitch angles of these 

particles are in the range 0' t o  2' or 3", hence it may be 

inferred that at the equatar the directional intensity increases 

by about a e  or two arders of magnitude in the first seve;ral 

degrees away frcnn 0' far L = 2.2 and 2.6. These plots of 

3 (90") vs B maw the evaluation of the median for 
Jo 

0 - 4 a. C ry 3", a quantity which would otherwise be quite 

diff icul t  t o  observe. A t  I, = 3.5 and 4.5 as seen in Figure 5 

the decrease i n  intensity is 'by factors of 50 and 20, 

respectively, as B increases from 30 to  .5O, a factor 

of 2.5. Far these L values more scatter is evident than at 

L = 2.2 and 2.6; however both the median and the envelqpe of 

the data ShCRt carrsistent decreases with increasing B and one 

may st i l l  be reasanably certain that the tendency is far a 
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decrease in intensity w i t h  increasing B at a rate given appl-cpci- 

bs #8t qucrted abcnre. A t  L = 6.0 end 7.0 a8 I l l U a t r a t e d  

in Figure 6 the scatter af i n ” 1 t i c s  becomes quite large. 

!&is fact is presumably a result of large real time variatim 

WI well e . ~  local time -ti- start- at L - 7.0.  he 

medhaa tend to  decrease about; m e  order of magnitude in intensity 

8s B goes A.an 0.20 t o  0.52 gauss, a tendency which l e  ccmsisteat 

wlth behavLor seen at larer Gvslues. 

for #e &dependence e8pecinflv for L - > 6.5 must be prefwd 

by s11 because ut the lsrge scatter Intensities. 

The &scun3tlap af any B depetdence at high L values i s  also 

ccnsisknt with the observatlan at lw I, values that the If 

dependence becanes generally weaker with fncreash& L. 

suxmwy at the madiaa ps-dependence at 40 kev trapped electrap 

intensities IS shown in ~ g u r e s  7 snd 8. 

c labs  which are d e  

The 

The representstlve pra9iles of the intepslty of 40 keV 

electrons at gDau pitch angles (a 

Figures 9, 10, aad U. 

erratic,  espec- in the range L > ail 8.0 beoause ab larg;e 

variatians aP elect- intensity In times on the order of 

seconds and in distances of tens of kiluneterlj. 

4 43”) are Illustrated in 

!Ibe cosmthg rates are cbarscwistioa3sr 

Such m i d  



fluctuation of intensity has been found t o  be cbaracteristlc 

of' electrans at smll p i t c h  angles in the outer zone in 

previaus studies @mien, 1962, 19g. The primary objectives 

of this study are t o  eXamine the B, L, and local t i m e  

dependence of precipitated 40 keV electrons Ef Frank et al., 

1964; McDiazmid snd Burrows, 19649, y, and insofar as the 

errat ic  fluctuations do not obscure the general trend of the 

data as a fuocticm af B, L, and l o c d  time, such fluctuations 

w i l l  be ignored. 

The caunting Fate of detector 5 has been converted t o  

an equivalent directional intensity of electrons for an 

isotropic beam of electrons incident cm the detector. The 

directioIlal Intensity of electraas i s  very probably not constant 

aver 

represents aa average wer the anisotropic distribution 

weighted by #e efficiency of the detector as a function of 

m e  frcrm wial icizideace. The equivalent intensity i s  used 

in order t o  facll l tate cangarison with other detector taunting 

rates but it must be noted that the directional intensity 

quoted represents a weighted average mer the real angular 

distributicn 

pitch angles less than 43', hence the counting rate 

!I!he profiles of the directi& intensity of electrans 

Ee - > 40 keV a t  s m a l l  pitch angles (a C 43') usually 
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represent particles which are precipitated and los t  into the 

atmosghere. For purposes of this study all particles mirroring 

below 100 Inn are presumed t o  be los t  in  the atmosphere. This 

distinction is  clearly appraxlmate because the loss cane is 

not sharp. €lowever It is a ressoozable c r i t e r i a  t o  use since 

1- I11 did nat measure the  backscattered particles 

simultaneously w i t h  the precipitated particles i n  order t o  

experhentally define the loss cone. 

the criterion for Detector 5 (a 

precipitated particles becanes that a = sin 

f'ran the Alfven approximstion, %m = B a t  100 km 

altitude for the satellite L and l uq i fude ,  and a is the 

In terms of this study 

jb 43") t o  measure only 
-1 5 43" 

half angle of the cone of precipitated particles. 

at- tenns, the acceptable value cd? B at the satellite for 

Detectoo. 5 t o  measure only particles mirroring below 100 Inn 

is  B > Bloo sin 43". This criterion was then tested at 

L = 4,5,6,7,8,10,12 ami the passes for which the test pail& 
are indicated by dotted lines i n  F'igures 9, 10, and ll. 

Or in 

2 - 

Therefare, the portlane of the curves of Figures 9, 10, and ll 

which are ncrt datted can be taken t o  represent pastlcles 

m l r r a  at or below 100 Ism. 

Although the  representative profiles of the intensity of 

pitch angle 40 kev electrons are typically quite irregular, 
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occ8siaxU.y fluctuating abruptly by as much as two arders of‘ 

magnitude, certain general features may be distinguished which 

are warthy 02 camtent. Tlae first and most praminent feature 

which can be seen in both quiet (Figures 9 and 10) and 

disturbed (Mgure 11) times is the marked dixrrinution of 

intensity far L 3 8 d u r a  local night, 21:OO to 03:oo as 

ccpnpared to those for local d a y  W:OO t o  15:OO. Electron 

intensities fcvr L 

magnitude less during local night than local day, a result 

which is  in  agreement with observations of r”rank et al. 

Egg and McMarmid et al. E964a7 and which is  f’urther 

CdToborated by statistical results of this study. Another 

observation which a r l e e s  f r o m  the study of the representative 

profiles is that of the abruptness (e.g., decrease by 2 orders 

of magnitude within 1.0 interval of L) of the high latitude 

termination of precipitated electron intensities around 

midnight as empared to that around local noon. 

latitude termination was never observed to be abrupt duriog 

0g:OO t o  15:OO and was observed to be abrupt In at least 80$ 

of the the during 21:OO to O3:OO in  these profiles. 

- 
8 seem to  be ebout 2 orders of 

h 

- 

The h3gh 

A curious feature which is  e- seen in the quiet 

t h e  profiles from about 21:OO to  05 :OO I s  an enhancenent 
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(typically a *tor of 5) of 40 kev electron intensity over a 

narrc~w range in L ( - 0.5) in the region 6.0 4 I, 4 10.0 

U s u a l l y  associated with a sharp decrease in intensity to 

higher L values. Out af' 19 eligible passes such a nhqJp enhance- 

ment was observed l 3  times QF in about 68$ of the cases. 

Because of the sharp character af such an enhancement m its 

mQpement in  latitude from pass to P&SSj it would not be 

evident in a study of median OT average intensities and must 

be observed in a pass by pass study such as d m  here. This 

observatian I s  in general wenrent wzth results of O'Brien 

@&, lw that precipitation of 40 keV electrons is generally 

enhenced neaz the Ugh latitude termination. Hcwmrer we would 

add the lremark that such enhancement seems to be most evident 

In quiet times and in the locsl time range trap about 21:oO to 

05:OO. 

L -  

median latitude propiles af 40 kev electrons at U 

pitch angles are shown in F i g w e  12. 

these profiles would be characteristic of precipitated 

electmas, a l l  data points which were included were taken at 

B values equal to or exceeding 0.27 gauss which insured that 

Detector 5; was respcplding to electrons mirroring at or belaw 

100 lar~ for all the L values used. The median prof'iles were 

corrected for L 7.5 to a constant value of B = 0.30 p s s  

In order to assure that 

- 
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frat the eqpirically derived B dependence as seen in 

Figures 13, 14, 15, 16, and 17. The correction procedure is 

described in Appendix I. The diurnal variation is seen quite  

clearly in the median profiles of precipitated 40 keV electrons 

for A 3 65" where the median intensity during the night 

(2l:OO to O3:OO) and dawn (O3:OO to 0g:OO) starts to decrease 

rapidly  and drops by t w o  arders Crp -tude between 65" and 

70' while during midday (09:Oo to 15 :OO) and evening (15 :OO 

to  21:OO) the decline is by factars of 2 and 4, respectively. The 

highest median value of precipitated 40 kev electron intensity 

in the mter zone was found to be - 2 x 10 

during local midday in the range -h= 60" to 65" (L = 4 to  

5.5).  -re is in the medians a dawn-eve- asymmetry for 

A 3 70" with the dawn median profile strangly sesenblling 

that for midnight and the evening profile resembling that for 

midday. A t  A= no, far exanrple, the median Intensity I s  

about lo3 (cm2 sec sr)" for evening and about 2 x lo2 
(an sec sr)" far dawn. Although the evenin@; median points  

are irregular, every one f o r  A > 70" i s  higher than i ts  

corresponding dawn medica. 

- 

4 2  (cm sec sr)-' 

- 

2 

- 

The &dependence of 4-0 keV electrons at s m l l  p i t c h  

angles a < 43" i s  shown i n  Figures 13, 14, 15, 16, and 17. 
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At L = 2.2 and 2.6, Mgure 13, the medians decrease by factars 

of - 1200 and - 500, respectively, as B increases by a factor 

of' 2 from 0.20 to 0.40 gauss. 

at a given B value is a factor of 2 to 60 

quite clear at these Gvalues. 

at low intensities ( 4 2 x lo2) is due to the statistical 

uncertainty of law counting rates. At L = 3.5 and 4 05 

shown in Figure 14 the scatter UP intensities incwases to 

about 1 to 2 arders of magnitude at a given b value which is 

cenparable to the t o t a l  variation of the medians. 

which can be made regard- the B dependence fm these plots 

are necessarily uncertain because of the scatter. 

shape ag the variation of the medians with 3 is c0mPa;rable to 

that seen at L = 2.2 and 2.6, where the variation is much more 

distinct, The medians tend to follow the general envelupe uf 

the data and the Smau fluctuations in the medians are considered 

t o  be InsigxLficant in the presence of such large scatter, 

thus a strrtight line fit of the mediaas was chosen 8s an - 

~pproximate representation af the B dependence. At L = 5.5, 

Pigure 15, the scatter at a given B value is generally one 

order of -tude, except for B 3 0.38 w h e r e  two orders af 

magnitude is more  characteristic. 

The typicel range of intensities 

The B dependence is 

part of the increase scatter 

The observations 

The general 

ru 

Here again the behavior 
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of the medians is generally ccinsistent with the envelope aod 

with the variaticm observed at lower Irvalues . A t  L = 7.0, 

Figure 15, the scatter I s  about 2 to 3 arders of magnitude and 

the apparent B variation about 2 arders of magnitude; hence 

the B variakions I s  very uncertain. This plat ie Included 

far ccarrpleteness and the medians can be f i t  with an 

approximate straight Une which is not inconsistent with 

the general pattern of &served B dependence. 

local time variations bave beccxne qyite large at L = 7.0. 

Both real and 

C. Electrons of' Eaergy Greater Than 
230 lteV at Isrge Pitch psgl es 
J" = 90" + 13") 

The reprelrancativa latitude profi les of the directlaml 

intensity of 230 keV electrans axe shown in Figures 18 and 19. 

!Be prorPilee af 230 keV electrons are very 8mooth in ccmperison 

w i t h  those for 40 keV electrons, on both quiet and disturbed 

days, and typically bave an outer zone maximum in intensity at 

about L = 4.5 t o  5.5 and a regular decrease at higher I,-values 

t o  the threshold of the counter for L 3 7.0 t o  8.0. A slight 

-cement of intensity is noted ne= local noon in the 

L range 5.5 t o  7.0 which appears as a slower rate of decrease 

of intensity for Increasing L. 

intensity aweas t o  be more prominent in the disturbed day 

prof'iles than i n  the quiet dey prof'iles, 

- 

The pass t o  pass v a r i ~ t i o n s  in  



26 

The mediaa profiles are shown in  Figure 20 for dam, 

midday, evening, and midnight of the direct ional  intensity of 

230 keV electrcnrs carrected to  B = 0.30 gauss as outlined in 

Appendix I using the empirically derived B dependence shown 

in Figures 21, 22, and 23, and in s v  In Figures 24 and 

25. The most pranlnent feature of the profiles i s  the low 

value 09 intensity arP 230 keV electrons in the region uf 
A- 

When the 230 keV profiles are ccmpared t o  those for 40 keV 

by cmputlng ratios of median intensity of 40 keV t o  that of 

230 keV as seen in Table ID, it becanes evident tha t  the 

in- s p e c t m  becaenes softer as L increases towards 3.0 

( A- = 550) and then m e r  wain as  goes t o  4.5 

( A  2 62.50)  aud then softer again for L > 4.5. !LIEIY? is 

also a small diurnal effect in the  median profiles which can 

be seen by c o n s i d e r a  the median intensit ies at A = 67.5" 

which are 2.5 x 10 , 5.0 x lo3, 1.3 x ld, and 9.0 x l$ for 

midday, eve-, mid-t, and dawn, respectively. 

enhancement of 230 keV electron intensity around midday i s  

also observed in the representative profiles. 

E 5 5 0  + 2.50 (L '= 3.0 + 0.5) at local times. - - 

.I 

4 

This slight 

The B dependence of 230 keV electron direct ional  intensity 

at 90" + 13" is  shown in Figures 21, 22, and 23, and in SUIIP~&FY - 



in  Figures 24 and 25. A t  L = 2.2 in Figure 21, the  median 

intensity is  seen t o  decrease by about 2 orders of magnitude 

as B increased fran 0.16 t o  0.38 gauss, where the intensity 

generally went belaw the sensitivity of' the counter. 

of intensity at, a given B va3ue WBS c q a r a t i v e l y  smal l ,  

!The scatter 

generally factors of about 3 t o  10. A t  L = 2.6 the 

Intensities were geaerally near t he  threshold of the ccmnter 

and stat is t ic& fluctuations are mare severe because of the 

low counting rate. The gene- shape of the medians is a 

decrease with increasing B. A t  I, = 3.5 in Figure 22 the 

scatter of intensities l a  quite severe, ccumcmly 2 orders of 

xnagnltude and the tatsl appsreat varlatica of the medians is 

about 1 c&er air @tude, hence the conclusions which may 

be drawn f'rm this plot are restricted. The large scatter of 

intensities at t h i s  L value, 3.5, is coplsistent w i t h  the 

observatia that L = 3.5 is in the regia where the intensity 

increases rapidly towards the outer zone maximum and a smaU 

excurrion In L of the xmximtan intensity could easily produce 

such scatter aP intensities at L = 3.5. 

A t  L = 4.5 the B dependence as seen In Figure 22 is 

mare certain than at 3.5 because the scatter at a given B value 

is less t h a n 1  mer of magnitude and the total apparent 
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variation of the medians is about a factor of' 30 and the 

envelupe of the data also resables  quite closely the 

variation of the medians. The B dependence of 230 keV 

electrons for L 3: 6.0 is sham in Figure 23, along with that 

for 7.0. For L = 6.0 the scatter i s  severe and it w i l l  only 

be claimed that the median generally tends t o  decrease w i t h  

Increasing B, a fact which I s  consistent with the mare distinct 

and certain dependence seen at luwer L values. The plot for 

L = 7.0 is included for ccmpleteness and is not intended 

t o  show a clear B dependence esd is not claimed 88 such, The 

summary of median curves of d i r e c t i d  intensity of trapped 

230 keV electrons far 2.0 4 I, < 7.0 are sham in F9gux-e~ 24 - -  
and 25. 

I). EZectrms of mer= Greater Thcln 
1.6 MeV. Qmtdirectlcmal 

Representative prof'iles were derived far the aanidirectional 

intensity of electmns Just as for the 40 keV and 230 keV 

electrons; however since no appreciable diurnal effect i n  the 

intensity was detected in the presence of large varlakions in 

real time, the representative profiles w i l l  be Qnitted in favor 

of an &ended study of the B dependence. The reason for the 

inclusion of a more detailed study of' the B dependence of the 
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armidirectlanal intensity of 1.6 MeV electram l e  an apparent 

decrease in intensity which occurred between revolutions 2197 

and 2201 or, in Universal time, between .Y 19:39:34 on June 7 

and .., Cle&+:46 an crun~ 8.  

intensity of‘ 1.6 MeV electrons by a factor of 10 or more far 

2 .O 4 L 4 6.5 t o  the threshold of the 302 counter. The 

Intensity remabed at the threshald af the cOunter for 

L - 7 2.0 u n t i l  revolution 2203, 06:28:53, -8, when the 

intensity was found t o  have begun t o  recover, especially in  

the raage I, > 3.5. The intensity for 2 . 0 4  L 4.5 

reambed l a v  fop the remaiaaer of June and J U y ,  as CBP be 

seen In the plots of intensity versus B in which the intensities 

are separated into before and af‘ter revolution 2200 (Figures 26 

to 29). For L > 4.5 the intensity recovered within a few 

passes. The decrease in intensity of 1.6 MeV electruns in the 

outer zone on Jbne 8, 1963 occurred in the recovery phase of 

a gradual camencement magnetic storm w h i c h  began about 14:OO 

t o  17~30 vp cm s ~ n e  60 5 reached 7 far 0O:Oo to 03f iO 

June 7 L’!&Lncoln, 1963a, d; 1964a, y. All magnetic 

observatories reported in the Jaurnal af Geophysical Research 

recorded the s t m .  

 his temporal change reduced the 

- ry 

- - cv 



Cansiderlng f irst  L = 2.0 and 2.2 8s shown in pigure 26 

where the data points f’run revolutions prior t o  2200 are 

indicated by the open symbols FXXI those fran revolutions after 

2200 by filled symbols. A t  I, = 2.0 the t o t a l  variation of the 

m e d i a n s  1s about 3 orders & magnitude decrease as B Increases 

fran .16 t o  .30 gauss and the intensities scatter Over less than 

one order of magnitude a t  a given B value, especially when the 

data are separated according t o  bef‘crre or after revolutian 2200. 

The B dependence i s  fa i r ly  distinct a t  I, = 2.0 and the separation 

of the median intensity versus B p l d  into 4x0 groups, the two 

real time groups, is b e c a  evident. A t  L = 2.2 the B 

dependence is  very clear and the teqmra3. change of  the 

intensity versus B plot is apparently laraer and more distinct 

than at I, = 2.0. The typical temporal change in median 

intensity is about a factor of 3 t o  10. A clear B dependence 

and a distinct separatioa of tlx curves for befare and 

after the temporal variation is observed t o  persist through 

L = 2.4 afld 2.6 (Figure 27), L = 2.8 and 3.0 (Figure 28). 

A t  L = 3.5 and 4.5 ( m e  29)the intensities are 

scattered over 1 t o  2 arders of magnitude for a specific 

B value and the intensities are not clearly separated in the 

temporal classification; hence the B dependence as derived 



. 

fram the median intensities i s  less certain. The apparent decrease 

in the median intensity at L = 3.5 and 4.5 far revdutians prior 

t o  2200 is  about 3 and 2 -era of magnitude, respectively, as 

B increases frcm 0.20 t o  0.50 gauss. The general emelope of 

the data and the trend t o  the medians hdicate  a B depndence 

consistent with that seen a t  the lmr  L values. %e 3 cirder 

of -tude scatter of intensities i s  very serious at  L = 6.0 

as shown in F'igure 30 as cmpared t o  the apparent 2 order of 

magnitude variation of the medians, 

f r a n  such a plot .  

Incmslstent With the variation seen at lower L values. Also 

in  F'igure 30 it may be seen that at L = 7.0 the intensity of 

1.6 MeV electrans generally stays near the threshold of' the 

counter and the study must be terminated in L. A summary of only 

the medians of cannidirecticmal intensity of 1.6 MeV electrans 

and the graphically established best curves for a l l  Lvalues 

in the range 4.5 < L < 6.5 is shown in Figure 31. 

Very l i t t l e  can be concluded 

The general trend 09 the medians is not 

- -  
!l?he uverall latitude profile as seen in Figure 32 for 

the cmnidirectional intensity of 1.6 MeV electrons is repre- 

sented by the intersection S the ir tenslty versus B curves 

with the line B = constant, which In this case was B = 0.30 gauss. 

For 45" 4 A C 60" two separate inhns i ty  versus B curves - - 



were necessaxy for before and after revolrixian 2200; hence two 

separate latitude profiles were derived. Far > 65' there 

was no d i s t inc t  separation of' the date. points a c c o n g  t o  real 

time and all t&e data were grouped together in  order t o  finish 

the profile. The wemll profile for the 1.6 MeV electrons is 

similrzr t o  that for 230 keV electrons except for the rea3 time 

variation present in the 1.6 MeV profile. 

- 

E. Detailed Study of Several passes 

A good test of the validity of the &dependence of auter 

zone electron intensities which is cla,lxaed in this paper is 

provided by those portions of the eatellite data for which there 

are s e v e m  intersections of the seme L shell a t  different B 

values separated in rea l  tine by only a few tens of minutes, 

especially in those Instances where it may reasonably be con- 

cluded that the Intensities are apprC0dntEltel.y canstant in real 

time and in longitude and local time. When the intensities 

appear t o  be constant, the observation of an Intensity a t  a 

given B, L value should allow the prediction of the intensity 

at the aeXt intersection of the same L shell at ancrther B value, 

an example of which is Revolution 2022 as sham in Figure 33. 

For values of L 4 3.0 the pred ic t i a  could not be tested 

because suitable data were not obtained. Far Iktectar 1, 

- 
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40 IseV electrons at o! = 90" + 13" the largest discrepamy 

between the predicted and observed lntemity is about 30s at 

L = 4.5, Detector 5 readings which measure 40 keV electrons 

at a = 0" + 43" were predicted t o  within a Pactor of 2. The 

predictians for Detector 3 which responded t o  230 keV electrons 

at a = 9" 2 13" were correct t o  Kithin 30$ OT 40$, except 

at L = 3.5, which deviated by a factor 09 1.8. The larger 

deviation for Detector 3 at L = 3.5 is not surprising in  

view of the larger scatter, hence greater uncertainty at 

L = 3.5 than at ather Evalues. The deviation & the predicted 

and observed intensities of 1.6 MeV electrans is less than 

50$ for all I, v a l w s  tested except at L = 3.5 where the 

discrepancy was by a factor of about 3.6, which was almost the 

total &served difference in intensity. 

the electron intensities in the outer zone are clearly nat 

time staticolery (reel or local time) over the 15 t o  50 minute 

redl or 3 t o  10 haur local t i m e  span which the sa te l l i t e  requires 

t o  recross a given L shell. Revolution 1886 as  sham ia 

Figure 34 was such a,n obviously nan-time stationary situatian. 

The predicted intensities are greatly in errw and for each 

detector the intensity profiles intersect between L = 5.5 aud 

6.0 although the B values are different by about 0.10 gauss 

- 

- 

!Bere are times when 
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Unless one claims that there is no dependence of intensity on 

By I.e., isotropic equatorial pitch Bagle distribution far 

a, 4 2' or 3" one must conclude that the intensity is indeed 

time Vasyiug and an merall B dependence wauld not be expected 

in  Itself '  to explain the observed difference in intensities. 

- 
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'phe results of the study discussed above absy be listed 

very briefly as: 

(1) There is a 2 to 3 arder of mftPnitude daytime enhancement 
of both trapped and precipitated 40 keV electrcms in the 
range 8.0 < L < 16 which persists in both quiet and 
disturbed periods . Ly h 

(2) There is a stronrg tendency for a sharp, mrraw enhancement 
in precipitated 40 keV electrons d u r w  local night 
(21 S O  to 05 :OO) which occurs 0 2 to 0.3 Gvalue less 
than the high latitude termlnaticaz of trappin&. This 
enhancemeat is  most prunlnent in quiet times. 

The decrease in intensity of 40 keV electran6 to higher 
tvalues for L 3 6 t o  8 i s  invariably much more padual 

during local day than local night. 

(3)  
- 

(4) mere IS apparently a slight ezitumcement ( .,, 1 ora= of 
-tude) of trapped 230 keV electrons during local day 
for 5.5 4 L I 7.0, othervise the profiles are quite 
regular as a Arnctioa of local t i m e .  

h - 
( 5 )  There is no apparent large loca~. time effect in -the 

cumidirectionzal intensify of electrons Ee > 1.6 MeV 
as de- fran the cdl lect im of individual 
profiles 

.y 



. 

36 

(6) There was a decreese of about 1 order of e t u d e  i n  
the cnnnidirecticmal intensity of' 1.6 MeV electrons 
on June 7 t o  8, 1963 for 2.0 < L < 4.0 precedkd end 
Pollawed by periods cm the order of one month of 
relatively stable intensity. 

- -  

(7) 'we gross dependence of the median intensity of 40, 
230, and 1600 keV electrons 011 B in the outer zone has 

been derived generally Kith decreasing clarify as L 
increases. 
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M. 

The diurnal variation i n  trapped 40 keV electrms in 

CrISCUSSION AND I-ON OF RIESULTS 

the outer zone found in this study i s  in agreement with results 

obtained by O ' B r i e n  Ew, McMa;Fmid and Burrows E96h7, - asd 

Frank e t  a3. Egg. The variatian of precipitated 40 keV 

electrons is  similar  t o  that reported by McMasprid and Burraws 

g964&7 and Frank e t  al. E=. The diurnal variatian in 

230 keV electrons obtained f'ran Iqjun I11 is very simila;r t o  

that observed by Williams and palmer Egg far 280 keV electrons. 

Williams and Palmer find that the diurnal variation of 280 keV 

electraas can be explained s-ly by considering the drift paths 

Wch conserve p and I for such particles in the distorted 

magnetosphere. The explanation of diurnal effects observed i n  

the distribution of 40 keV electrons, both precipitated and 

trapped clearly requires deta,iJ.ed consideration of the motion 

of such particles In the highly distorted portion of the 

magnetosphere for L > 8.0. Electric f ie lds  in the magnet- 

sphere affect the motion of 40 kev electrons significantly 

&f . Ernes, l g q .  

properties of the geanagnetic f ie ld  a t  large radial distances 

Ef Cahi3. l  and Amazeen, 1963; Cahil, 1964; Ness et a l e ,  1 9 g  

ccaabined with the theoretical canputation Crp electron m o t i o n s  

in such fields Kill greatly a i d  in the understandlng of the 

- 
The experimental determination of the 
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diurnal variation. The observaticm of the energy dependence of 

the diurnal variation, especially for electron energies less 

than 40 keV is  also of interest. 

The temporal variation in 1.6 MeV electrons which was 

observed an June 7 and 8, 1963 is similar t o  other such 

occurrences F z z e l l a  et al., 1962; Forbush et a&., l g q .  

A n-ble feature of the decrease was that it was preceded 

and followed by periods of mer one month during which the 

intensity variation was relatively ama,ll, hence the 3 

dependence of intensity was determined f a  both the period 

preceding esd follcrwlng the decrease. 

intensity af 1.6 MeV electrons was apparently produced by a 

gradual camnencing $= 7 magnetic s t a m  on me 6. 

The decrease in 
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Method of Correction af Medians 
t o  a Constant Value of B 

Xn order t o  reliably caupre the rnedisn latitude proflles 

af electron intensity as a f’uncticm of locel t i m e  account must 

be taken 09 B dependence because the locel time of a data 

ample is related t o  the B va,lue through the properties of 

the orbit. The gross B dependence was examined at each L 

value by plot t ing intensity vs B far all the data and by taking 

medians on 0.2 gauss intervals. A simple curve was then 

graph$ca;lly f i t  t o  the medians as shown in  Figures 7, 8, 16, 

17, 24, 25, and 3. For sane L values the temparal scatter 

of the intensities was small and the medians were e a s i l y  fit 

with a simple curve and ane could be reasonably sure of‘ the 

B dependence. For other Gvalues, natably the higher  one^, 

the scatter of the data was Quite large and the corresponding 

results for B dependence were less certain. The range of L 

values far which the B dependence was found t o  be sufficiently 

certain for a correction to be used were: 

2.0 c L c 7.5 
2.0 < L < 6.5 
2.0 < L e 7.5 
2.0 c L ‘c 6.0 

- -  Detector 1 
Detectar 3 
Detector 5 
Detector 6 

- -  
- -  
- -  
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After the 3 dspendence of the median intensity was 

established the median intensities were carrected t o  a constant 

value of B = 0.30 gauss by graphically subtracting f’rm or adding 

t o  the logarithm of E) given intensity reading an amount which 

was the logasrithm of the inteasity dwerence between the 

m e d i a n  intensity curve at the B value for a given point and 

for 0.30 gauss. The median of the c m c t e d  data points was 

then taken. Exactly th i s  procedure was followed for all loca3 

times aad L values for which there were 20 or less data points 

and for asy situation where the data were not distributed 

unifcomly in B. 

8 f’unctim of L and local time was corrected u s i r g  as the  

difference in B the difference between the median B value of 

the L-local time group and B = .3O @usso TI- difference 

between the result of correcting the median intensity and 

the median of the cc\rrected intensities was only a few 

percent where both types of correction were tested in si tuat ims 

where there were 20 or m m e  data paints evenly distributed in B. 

I n  most cases the nedian intensity itself as 
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Figure 1. Representative qulet day latitude profiles of the 

directional intensity of electrons Ee - 3 40 keV at  
large pitch angles (a = 90" - + 13'). 

. 

Figure 2. Representative disturbed day latitude prafiles of 

the directional intensity of electrons Ee - > 40 keV at 
large pitch augles (a = 90" - + 13"). 

Figure 3. Corrected median latitude profiles of the directional 
intensity of 40 keV electrons a t  large pitch angles 
(a = 90" - + 13"). 

Figure 4, Scatter plot of the  directional intensity electrans 
E, - )r 40 keV a t  large pitch angles (a = 90" 2 13") 
versus B for L = 2.2, 2.6. 

Figure 5. continuation ~"igure 4 for L = 3.5, 4.5. 

Figure 60 Continuatian of EYgure 4 for  L = 6.0, 7.0. 

Figure 7. Summary plot of the median directional intensity of 
electrons Ee - > 4.0 keV at large pitch angles 
(a = 90" + 3.3") versus B for a 3 l  L values i n  the range - 
2.0 4 L < 4.0. - -  

Figure 8. Continuation of Figure 7 far 4.5 L I 7.5. 
L -  

Figure 9. Representative quiet day lati tude profiles bf the 

directional inteusity of electrons Ee 3 40 keV at 
anaU pitch angles (a! L. 43'). Part I. 

- 
Figure 10. Continuation of -re 9. Part  11. 

Figure 11. Representative disturbed d e y  lat i tude profiles of 
the directional intensity of electrons Ee > 40 keV 
at small pitch angles (a < 4 3 O ) -  

- 



Figure 12. C o r r e c t e d  medies lati tude profiles of the directional 
intensity of 40 keV electras at smal l  pitch angles 

(C% C 43"). 

Figure 13. Scatter plot of the directional intensity of 40 keV 
electrons at  srmll pitch angles (a < 43") versus B far 
L = 2.2, 2.6. 

Figure 14. Continuation of Figure 13 for L =  3.5, 4.5. 

Figure 15. Continuation of Figure 13 for L = 5.5, 7.0. 

Figure 16. SMrmary plot of the median directional intensity arP 
40 k e V  electrons at small pitch angles (a 
versus B for all L values In the range 2.0 C L < 4.0. 

Figure 17. cantinuation of 16 for 4.5 4 L < 7.5. 

Figupe! 18. Fkpresentative quiet day l a t i tude  profiles of the 

43") 

- -  
I-  

directianal. intensi ty  of electrons Ee - > 230 keV at 
large pitch angles (a = 9" 2 13'). 

Figure 19. Representative disturbed day latitude profiles of 
the directional intensity af electrons Ee > - 230 keV at 
1-e pitch angles (a = 90' 2 13"). 

Figure 20. C a r r e c t e d  median latitude profiles of the directional 
intensity of electrons Ee P 230 keV at large pitch angles 

-.IL 

(a = goo - + 13"). 

Hgure 21. Scatter plot of the directional interisity of electmas 
Ee - > 230 keV a t  large pitch angles (a = 90" 2 13') 
versus B for L = 2.2, 2.6. 



Figure 23. Continuation of Figure 21 for L = 6.0, 7.0. 

Figure 24. Sunanary plot of the median d i r e c t i o n a l  intensity of' 
electrons Ee F 230 keV at large pitch angles 
(a = 90" + 13') versus B for all L values in the range 
2.0 4 L 4 4.0. 

- 
- 

- -  
Mgure 25. COntinUatiori of Figure 24 far 4.5 4 L 7.0. 

Figure 26. 

- -  
Scatter plot at' the QMidirectional intensity of 

electrons Ee > 1.6 MeV versus B far I, = 2 .O, 2 2 . - 
Figure 27. CoatinLmtlon of Figure 26 far I, = 2.4, 2 a 6 0  

Figure 28. Contin7i%tion of Figure  26 for L = 2.8, 3 .O. 

Figure 30. Continuation of Figure 26 far L = 6.0, 7.0. 

Mgure 31. Summary plot of the median cmidirectioaal intensity 
of eleckms E > 1.6 MeV versus B for 4.5 < L e -  6.5. 

e -  

Figure 32. Plot of the intersection of amnidirectld intensity 
versus B curve with B = 0.30 gauss as a fuDctf0.n of 
latftc3 (It) far electrons Ee > 1.6 ~ e v .  

electrons Ee > 40 keV, a = 90" 2 l3", < 43'; 
Ee > 230 keV, CY = 90" + 13"; Ee 3+ 1.6 MeV, 
d d i r e c t i c m l  e 

- 
Figure 33. Plot af intensity versus L far revolutia 2- far 

--. 

- - - 
Figure 34. plot of i n t e m i t y  versus L for revautian 1886 far 

electrms Ee > 40 keV, a = 90" 2 13", < 43"; 
Ee > 230 keJ, a = 90" + 13"; Ee > 1.6 MeV, 
cnnnidirectimxd, 

- 
- - - 
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